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Pulmonary Venous Flow Pattern by Color Doppler
Echocardiography in Childhood

Young Mi Hong, M.D.
Department of Pediatrics, College of Medicine, Ewha Womans University, Seoul, Korea

Background : Biphasic or triphasic or quadriphasic pattern of pulmonary venous flow has
been described by color Doppler echocardiography in normal subjects. Absolute velocity measu-
rements varied with the position of the probe in relation to the pulmonary vein. The purpose
of this study is to evaluate the normal pulmonary venous flow pattern and compare the data
according to age, body weight, height and body surface area.

Method : 244 normal children underwent transthoracic echocardiography from December
1992 to July 1993. Age ranged from newborns to 13 years. From the apical four chamber
view, pulmonary venous flow velocity and integral were obtained.

Results : Quadriphasic pulmonary flow pattern(early systolic flow, late systolic flow, diastolic
flow, atrial reversal flow) was identified. Pulmonary venous peak flow velocity was not different
according to increasement of age, body weight, height or body surface area. But pulmonic
flow integral was significantly increased according as increasement of age, body weight, height.
or body surface area.

Conclusion . Transthoracic color Doppler echocardiography is a good noninvasive diagnostic

tool to evaluate pulmonary venous flow pattern in children.
KEY WORDS : Color doppler echocardiography * Pulmonary venous flow pattern.
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A9 dio] tig Ayrt st

ool A A}= Color Doppler A ZEE o] &3}
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A% 71%5E 7HR A A28 vud 5 Qe
71Eg AnA B A7E AP

chat o e
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19921 129 %6 1993d 79742 A Ago] gl
B AARE 13A7EA19] Aot 244 g i
o2 g d%FHYE EXE BY AF 194 A
Aot 459, AF 19 ol o] Ao} 4878, 1F o]4
1A ok o} 487, 14 o] 34| m| gtk Ao} 647,
34] o] 64 m¥k Ao} 287, 64] o] 134] m|%k
118 o] A v (Table 1).
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Hewlett-Packard®Ate] 77025 A B AoI==
35, 5 75 MHZ 223 32 423 ¥37E A
&3t F9 deEiv GAE e AALE Al
g33t St} Apical four chamber view 9l 4] Color Do-
ppler& AM&3te 3 HAH] 2 Hole g 3¢
oo, 2842 ¢4 #FHW g7l ¥ Doppler
echo beamo] & W&H HYstA Az x
dRen 4w 2L A gk
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Table 1. Age distribution

Age Number
1 dav 45
<1 month 48
1—12 months 48
1— 3 vears 64
3— 6 vears 28
6—13 vears 11
Tetal 244

4 o

1. WY Yool

ARz Quzt ARE RN 427] Feto] 27]
S%7\5%, $7] £5715, 8247 Sto] 827]5
5o A AURE BAY 5 AN, ALFS
g FHE FYYRE BASRAHFEg D).

2. oigol| M HFYY PRSI (Table 2)

1) 27| 57| €R8E

A% (o) 36.90cm/sec, FE 19 njgke] AAY
ofoll A 87.96cm/sec, A F 12 Al 14] w2k 37.80
cm/sec, AE 149 A 34 v]vtol] 36.51cm/sec, A8 F
Ao A 64 B grol] 37.42cm/sec, A3 641 ol A1 134]]
vl ghol] 31.69cm/sec 0.2 A& @& 7] $£F7]
JFSE9 F3 Aol7t UNth

2) 7| 57| RF5
ME 1Yol 45.26cm/sec, BF 12 vlgkol] 50.18
cm/sec, B3 19l Al 14] 7] vholl 49.96cm/sec, A ¥

EKG Y N /\___/¥__/\/\_
Pulmonarv\

venous flow \/
A

Mitral flow

Aortic flow l ]
|

Fig. 1. Relationship between pulmonary venous, mitral
and aortic flow.
SE ! early systolic flow peak velocity
SL ! late systolic flow peak velocity
D ! diastolic flow peak velocity
A awrial wave peak velocity
EKG ! electrocardiogram
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Table 2. Pulmonary vein velocities according to age(Meanz SD)

Age Peak Sg(cm/s) Peak S;(cm/s) Peak D(cm/s) Peak A(cm/s) S/D D/A

1 day 36.90£13.23 4526t 1529 48.47+14.10 16.06% 4.88 1.02+0.31 3.331+1.30
<1 month 37.96+12.03 50.18%+14.01 45.20+10.52 18.36% 6.57 1.19%0.33 2.71£0.92
1—12 months 37.80%10.62 49.96£11.05 48.05%f 9.01 20.55% 6.68 1.19%£0.29 2.53%+ 0.84
1— 3 years 36.51+£10.62 47.90% 9.47 49.12%+ 825 20.07t5.62 1.04+0.27 2.61+0.78
3— 6 years 37.42%10.11 50.22+£10.74 5321+ 11.65 20.22%+4.71 1.28+ 1.44 2.78+0.89
6—13 years 31.69t 7.86 52.44% 6.93 46.16%14.38 20.3513.93 1.30% 0.56 2.21+0.72

1A[o] A 84| w[gtol] 47.90cm/sec, A F 34|l A} 64

ol gholl 50.22cm/sec 1A, AF 6AHNA 134 A}

olell 52.44cm/sec o] AL, AH | WE 7] £27)
FEEY {98 zol7t gl

3) Y| 8RS

A3 199 48.47cm/sec, AF 12 H| T 45.20
cm/sec, ¥ 120 A 14 v)gkel] 48.05cm/sec, A3
1A A 34| u]wkel] 49.12cm/sec, AFE 340l A 64
Atolol| 53.21cm/sec, MFE 649X 134] Abo]o] 46.
16cm/sec ©|aL, o) W& 37 dFf&Exy
frolg ael= g

4) AR RS

AZ 1Yol 16.06cm/sec, F 19 ujgte] 18.36
cm/sec, BF 12X 14] ] 7o) 20.55cm/sec, A%
1A A 84 w] kel 20.07cm/sec, A 34 o A 64
njRtel] 20.22cm/sec, AF 6410014 134 mwhe] 20,
85cm/sec oL, AP WE ALAF BFEE
T zpol7t AT

5) E&V| @FST0| Cist &7 ¥R&TH|
AZ 199 1.02, A% 1€ \9ko) 119, AF |
goll A 14 mlghel] 1.19, AE 140 A 3A4] u]ulo)
1.04, A3 Aol X 64 wigkoll 1.28, ¥ 640 A
134] migtol] 13002 Ao wWe 47 dFE
ol dg £57] /&8 FoF ztols}

At

6) AUAR FRA{TO CiE 2EY|
FSxy|
AZ 1Y 3.33, HF 1€ njvtd] 271, AF |
Goll A 14 Atolel] 2,53, AF 1Mo A 34] Alo]d]
2.61, AF Ao A 64 Alojoll 2.78, WF 6Alloll A
134] Atolof] 2212, AHo] wWe AWdF dF

Table 3. Pulmonary vein integral according to age

(Meanz SD)
Age SFi(cm)  DFI(cm) AWI(am)
1 day 881%346 5371234 0.72+0.49
<1 month 8.78£2.66 4.23t1.17 0.77+0.49
1—12 months 9.78%2.61 548t1.57 1.44%064
1— 3 years 10.10£2.24 557+1.59 1.71%0.69
83— 6 years 10.97£2.05 7.68£2.17 1.64%0.60
6—13 years 1240+ 2.12 6.80£3.35 2.07t0.65

SFI : systoic flow integral
DFI ! diastolic flow integral
AWI [ atrial wave integral

5o e FF7] REEH Y K3 2ols}
sl

3. JEo| ME HYY HF HE(Table 3)

1) &7 g/85E

AF 10 8.81cm, A3 1E m]gho]] 8.78cm, A%
1gellA 14 vlgtel] 9.78cm, AE 14914 34] 1)
Tholl 10.10cm, A 3A10)A] 64 BT 10.97cm,
AT Aol A 134] mgkel] 12.40cmE, AH o) @&
AR A SFHEY §2F Z71E B & AJ o=
0.316, P<0.01), (Fig. 2).

2) A7 gRHE

AF 199l 5.37cm, B E 18 o] vho) 4.923cm, A E
19l 14 vl 5.43cm, 14914 84 b]gke)
5.57cm, 3491 A 64 ]wtel]l 7.68cm, AWF 641 ol A]
134 wlgto] 6.80cmE, A& o] Zrlo] W 827
EFHEY FAF F7F AW (r=0.418, <0,
01), (Fig. 6).

3) Al ERNE
AF 1990 0.72cm, BF 12 v 5hol] 0.77cm, B &
1ol A 14 g]gtol] 1.44cm, BFE 1Mo A] 34] 1]
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gholl 1.71cm, AF 3Ao A 64 v tell 1.64cm, HF
649 A1 134] Abololl 2.07cmZ, AH 9] F7lo] wh&
A d9F RFEY 798 7 AR Ge=
0.395, P<0.01), (Fig. 10).

4. 30| o2 HIYY PFIE

1) 57| @Ry
A5 St Bt F&7) FAHE]
Z7}3t9 tH(r=0.357, P<0.01), (Fig. 3)

2) B dRyE
AF o] 7t whet 37 ERA L] K5
Z71et e tH(r=0.427, P<0.01), (Fig. 7)

3) Y ERAHE
Az 7 wek A BRAHE KA
Z7+8l A eH(r=0.482, P<0.01), (Fig. 11)

5. AFol E HYY WFHE

1) 57| dRNE
A F7tol w2t 57 EFHEl Kol
Z7F3k9 H(r=0.351, P<0.01), (Fig. 4).

2) &7l g@RAE
A7) F7hol v} 371 FHE ol Ro3HA
Z7HFoH(r=0.486, P<0.01), (Fig. 8).

3) A @RNE

Aol Ftel wah A FRARL F3HA
78R ek (r=0.532, P<0.01), (Fig. 12).

o] 3HAl

6. MEHHo| M= mHNyY HENE

1) 57| gFHE
AgHH e Frte wet £57] ERHE) F
gtA F7heAoH(r=0.359, P<0.01), (Fig. 5).

2) 37| gRAE
ARAH F7 w2t 7] FHE] +
3 A F7 etk (r=0.44, P<0.01), (Fig. 9).

3) A @FRHE
AgHA Fte] wet A% EFHEC] #4
A Z7FetAcHr=0.512, P<0.01), (Fig. 13).
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olgt7] AWYPRE cEUo] Ed Fo A4
ol A Fade 77 A Al et At
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AR F £ AREvT UE AHES
B35 gtk Castello 5222 2439 AAF AV
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TH YA,
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B Ao o3 27 £%7) EF
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Aol 81.69cm/sec 2.2 AH ) W& F293 o)}
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AAEuitt 8 ARNEF FFL A3 ¢
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systolic flow integral(cm)

systolic flow integral(cm)

O o AR OO

y=036x+9.15
r=0.316(p<0.01)
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O T T T T T 1 ¥
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Fig. 2. Relationship between age and systolic flow integral.
25
+ y=0.14x+8.36
20 r=0.357 (p<<0.01)

11 1 i 1

14 1
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body weight(kg)
Fig. 3. Relationship between body weight and systolic flow integral.
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systolic flow integral(cm)

systolic flow integral(cm)
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A0 AT R =0
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Fig. 4. Relationship between height and systolic flow integral.
25
-+ y=4.36x+7.78
20

r=0.359 (p<<0.01)
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body surface area(m?2)

Fig. 5. Relationship between body surface area and systolic flow integral.
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diastolic flow integral(cm)

diastolic flow integral(cm)
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y=0.36x+4.92
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Fig. 6. Relationship between age and diastolic flow integral.
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y=0.13x+4.26
r=0.427(p<0.01)
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Fig. 7. Relationship between body weight and diastolic flow integral.
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diastolic flow integral(cm)

diastolic flow integral(cm)

O 0 A7 5 x®0
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T Ll 1
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Fig. 8. Relationship between height and diastolic flow integral.
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Fig. 9. Relationship between body surface area and diastolic flow integral.
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Fig. 10. Relationship between age and atrial wave integral.
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Fig. 11. Relationship between body weight and atrial wave integral.
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Fig. 12. Relationship between height and atrial wave integral.

160

y=1.69x+0.65
r=0512(p<0.01)

02 04 06 08
body weight(m?)

13

1 12

Fig. 13. Relationship between body surface area and atrial wave integral.
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